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Report No. 1JA,/Teoh/230/av.

AND MOM =021- WALISM 23 APRI

Inwextigation into the IDrif

becuraU of Blue acket

by

Flt.Lt. .-. F. Saunders R.A.P.
Navigation & Radio Division

summary

In late 1961 A. ..c .E.E. accepted a furthor commitment to investigate the
drift accuracy of Blue Jacket which earlier had been found unsatisfaotory, as
reported in A. & A.E.E. Tech/20/Nav. The trial of a modified equipment took
place between May and August 1962 and involved a total of 53 hours flyini
during which 40 assessable accuracy runs iverc completed. Tue accuracy of the
equipment under test proved satisfactory (mean across track error 0.200 R
(3D ±t 0.30"), mean along track error C% (SD ± 0.30%)), although tae number of
suspect sorties due to eLuipmont unservioeabilities was high.

It is recommended that the modification (No. 69%.) embodied in this equip-
ment be incorporated in all Blue Jacket equipments.

This Report is issued with the authoriV of 4'i.
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i . Introduction

A Blue Jacket (ARI 5880) doppler navigation system was assessed by
A. "- A.E.E. betieen April and 3eptember, 1960. Report No. AAEP,/Tech/210/Nav.,
dated 14th November, 1961 giving the results of this trial drew attention to
a serious error in drift measurement. This error was proportional to
(approximately 20//o of) the actual drift experienced. No other serious fault
was found in the equipment.

Blue Jacket is a fixed aerial (data stabilised) system, drift being
computed and not directly measured. Investigation of the drift error showed
that one of the computer constants (the broadside angle of the beam pattern)
had been defined incorrectly. This is illustrated in fig.1. _i'er adjustment
of this constant in the computcr netrork ('.led. No. 6914) A. 2 j.E.E. were
required to re-assess the drift accuracy of the system,

The equipmeat was installed in Hastings C. Mk.2 -.D.496 in ".pril/May 1962,
and flight trials were completed in Au3ust, 1962.

2. The Aim of the Trial

The trial had a limited objective namely to establish the accuracy of the
basic doppler and computer over land.

3. Aircraft Installation and Instrumentation

3.1 Aircraft Installation. The Blue Jacket installation is fully described
in A. ?: A.E.E. Teco/21Ohav. -- 't consists of an aerial system, transaitter/
receiver unit (T/"), navigational computer, and indicator unit. For t:e trial
the whole of the Blue Jacket installation, with the exception of the aerial
system, was positioned in the passenger compartment of Hastings C. Mk.2 WD.496.
The aerial was mounted in a bay aft of the rear access panel and was fed by a
flexible ;raveguide from the T/AI unit which, along with the computer, was rack
mounted in the passenger compartment. The indicator was fitted in the No.i
auto-observer.

In normal operation the following inputs are required by Blue Jacket:-

(i) A synchro input of hcading for position, track, and wind
v io city computations.

(ii) T.:.S., as an analogue voltage from an air data computer, for
wind velocity computations.

(iii) A synchro input of pitch information, normally provided by a
Master Reference Gyro, for t..o pitch stabilisation of the
doppler aerial.

Hoever in this trial, to control the computer trial more closely
and simplify the installation and analzjsia, a oonstant hcading of North and
a manually controlled c... . value were fad to the computer. The T.oiS. was
-anually set on a potentiometer sited in No.1 observer. The errors introduced
by feudine in these constant values affected only the wind velocity cmputations
which were not under analysis.

The doppler serial was pitch stabilisod by a syncro, input of airoraft
pitch provided by a locally constructed pendulous unit.

/*Por



For trials purposes the following additional items wore included in
the Blue Jacket installations-

i) Two synchronous repeAters .iere fitted to the Blue Jacket
phonic wheel shafts to drive a pair of veeder counters, thus
providing a direct road out of the phonic vtheol count. The
drive to the veeder counters could be interrupted by the two
phonic wheel 'on/off' switches, enabling the disp ys to be
frosen. This was an asset on ground accuracy runs.

(ii) A desyn transmitter was attached to the aerial to indicate the
pitch anglo between t.e aerial and fuselage.

(iii) A doppler A.G.C. meter was incorporated to supplement the
"magio-eye" A.G.C. level display on the indicator unit.

(iv) A blower motor supplied cooling air around the computer unit.

u .2 Aircaft InsUmntation. The following items were installed in anauto-observer to record datum information and the performance of Blue Jacket:-

(i) Blue Jacket indicator

(ii) Phonic wheel veeder counters

(iii) Phonic theel counters' 'ON/0FFI switches

(iv) Doppler i.irj.C. meter

(v) ,orial pitch indicator (desyn repeater)

(vi) T.A.8. potentiometer graduated in 5j knot calibrations

(vii) Aircraft pitch and roll displayed on micro-ammeters

(viii) 200 V. A.C. supply meter

(ix) Red, green and purple Decca Mk.8 decometers

(x) Deoa Mk. lane identification meter

(x) Three Decca Mk.8 "No Torque" lamps

(xL) Watch

(xiii) Film frame veeder counter

(xiv) Doll's oye to indi te periecopie sextant operation

(xv) Doll's We to Indicate F.49 survey amera operation

(xvi) WO mater indicator

(xvi) k.XIV altimeter

Outside and to the right of the aute-obeerver were the VkJ. artificial
kenton (supplyin alroraft pitch and roll readout information), and the 200 V.
A.C. frequevcy meter.

Two further datum instruments, a periscopic bubble sextant and a F949
urvq omasra, were fitted at their usual stations.

/1ho
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The cameras could be fired from two alternative sources:-

(i) The T.35 camera control unit could operate the auto-observer
camera (A4) and F.49 survey oamera separately or in synchronism.

or (ii) The sextant operator could operate the sextant camera and
A) camera simultaneously.

4. Trials Procedure

4.1 Istablishment of Azimuth Datum. Before the flight trials it was
necessary to establish a single datum on the aircraft to which all azimuthal
alignments could be made. The line joining the aircraft's compass sighting rods
was selected.

4.2 Ground Calibrations. The following ground calibrations and alignments
were made:-

(i) Doppler Aerial Azimuthal lignment. The azimuthal alignment
of the doppler aerial was chocked by photographic methods
similar to those described in Appendix C to AAETECH/210/NAV.
Te aerial mis-alignment was 0.46P. + 0.050.

(ii) Periscopic Sextant Alignment. The periscopic sextant alignment
error was determined by comparing simultaneous bearings of a
distant spire taken on both the periscopic sextant and the
Watts datum compass. The sextant under-read by 7.220 + 0.100.

(iii) F.W Survey Camera. The F.49 survey camera's azimuthal mis-
alignent from the aircraft's datum, was determined by the
standard A. & A.E.E. photogra.)hio mtiod. The mis-alignment
was zero + 0.050.

(iv) G IV B Compass Calibrations. Prior to flight tests a standard
12 point compasa calibration plus Fouriers analysis was
carried out using a :atts datum compass. Corrections were
made for co-efficients '1.', '' and 'C'. During the trial,
after 3 months had elapsed, a further" compass swing was
completed; corrections :ere made for co-offioients 'It' and 'B'.

(v) DoDylar Aerial Ptch Alignment. With the aircraft levelled and
the doppler and pendulous device switched on, the aerial
synchronous control transformer was rotated until the aerial
was assessed as level against a clinomoter and than locked
in position.

(vi) Aeria Deign Indiathr JAbratio. Aftor the aerial had
been levelled in pitch and with the doppler and pendulous device
still 'on', the position of the pointer on the des.%n indicator
was marked. The aircraft pitch indicator reading and the clino-
meter reading on the aerial were also noted at this time. With
the pendulous device 'off', the aerial was displaced oither side
of the horisontal in 20 stop maurod by the olinometer. The
desyn isdioator was eslibrated accordingly, the range being
from 10 nose up to 4 nose down.

At the end of the trial the alugments of the porisoopie sextant and
the doppler aerial, in pitch and azimuth, were repeated, The calibration of
the aerial pitch indicator was also checked. No significant changes were noted.

/4.
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4.3 1jgt " . In planning the accuracy runs the following
requirements were ooniiered;-

(i Traks were to be overland, approximately 100 me in length and
in class 1.1 Deco& coverage.

(i) Tracks were to be orientated to give maximum d dopatiblS
with prevanting the sun's azimuth falling between 0400 - 110
(Rol.), within this sector it is impossible to take astronomical
observations in Untings "D.496.

(iti) The timing of the trip to be such that class A' .Decca fixing
accuracy could still be achieved with the sun's altitude below
.00. Altitudes below 40 were required to give good astronomical
heading checks.

4. 4 TralseLpthod. Throughout the trial the aircraft was flown on a
constant mat~io heading for each accuracy run. Astro heading checks, in
groups of ten observations over tio minutes, were taken at intervals of
5 minutes - averaging six checks per leg. From each astro check a correction
was calculated to convert magnetic headings to true. To obtain maximum compass
performanoe, at least throe minutes were allovied to elapse having settled on
heading, before starting the accuracy run. The compass, along with all other
instruments in the auto-obsorvor, was photographed at ten second intervals.

On all accuracy runs the Blue Jacket computer was used in the grid
mode with the "land/sea" bias switch set to "land".

It was intended to use a limited amount of survey photography as a
source of datum heading on this trial. However weather conditions prevented
this, since at suitable heights (above 12,000') lower cloud was always in
excess of 4/8.

4.5 U1612 Analyais. A similar method of analysis to that used on the
previous Blue Jacket trial was employed. Prom the Decca co-ordinates at the
time of the sextant check, and the G.H.A. and declination of the sun, the
sun's asimuth was computed. This was added to the corrected sextant bearin0
to give trhe heading, from which corrections to compass heading could be
obtained (see par&. 4.4).

Noah accuracy run was split into two or throe sections in .*aich the
heading and drift remained sensibly constant. For each section the follow ng
information was extracted and fed into a Pegasus computer . rogram : -

(i) Mean true heading

(ii) Phonic wheel counts

(M) keen latitude

(iv) Height

Wv Mapsed time

Se Deca fix at the start of the run was also included. For each
Section the following wer computed:-

(i) Miles along and acros heading (uncorrected for Asiht).

(ai) Doppler distaes

(W) Average drift an6le and track
/iv)
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(iv) Doppler nautical miles N/S and EAI

(v) Change of latitude. and longitude

(CH.LAT. = Doppler nim N/S x Mt. correction x Lat. conversion~faco r
CH.LONG. = Doppler nma E/J x Ht. correction x Long. conversion0

( factor )

(The latitude and longitude conversion factors change units of
6080 ft. into minutes of latitude and longitude, allowing for
the shape of the earth and convergency).

(vi) The computed Blue Jacket position, in geographical co-ordinates,
at the end of the period (by summing (v) and the Deooa start
position).

Mean heading and drift, weighted for the duration of each section,
along with total doppler, distance were also-calculated ............

The basic doppler accuracy analysis was made by. plotting the final.
computed doppler position and the final Decca fix to a large scale on graph
paper. The basic along, across and.-ral errors- vere. then measured.

As the computer receivedd a, fixed true Ndrth heading the grid nms
N/S and'E/ on the indicator should have corresponded to nms. along" and
across heading ((i) above). Thus computer errors were found by a simple
comparison.

5. Sorties and Hours Flown

18 sorties, totalling 53 hs. 25 mins., were flown during the Blue
Jacket trial from May - August, 1962.

The breakdown of the 18 sorties flown was as follows:-

(i) 6 sorties suspect due to equipment unserviceabilities (18 hrs.
10 min.)

(ii) I sortie suspect due to fault on aircraft power supplies (4 hrs.
10 mins.)

(iii) 3 sorties abandoned oing. to bad weather (5 hrs. 20 min.)

(iv) 8 sorties successful (25 hrs. 45 min.)

6. Flight Trials Results

6.1 Reliability. After 12 hrs. 20 mini. flying tho magntron was found
to be below standard as wore both signal crystals. On investigation further
faults were discovered. The phonic wheel switching relay and the computer
easting synchro were intermittent in operation and the one phonic wheel was
not tracking accurately. One month later the equipment was returned serviceable
and the trial re-started. All previous results were discarded.

For the reainder of the trial a full test set check was carried
out before and after each sortie. On an after-flight check when a further
8 hrs. 30 mini. had been completed, one phase of the 200 v. supply was found
to be low. Although the cause of this was not traced, it was attributed to
an intermittent aircraft fault. The results from this sortie were treated
as suspect.

After a further ten hours an after flight check showed that the
A.F.C. was losing lock at intervals of i sec.. This was traced to faulty
connections between the T4 unit and the rack back plate. The results
from this sortie were regarded as suspect.

C/A
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A further fault occurred eleven hours later when the symptoms of
A.F.C. losing lock at 7 sec. intervals again appeared in an after flight check.
On inspection an oil filled capacitor in the T/R unit was found to be leaking.
The TA unit was replaced for the last four sorties.

6.2 Number of Results. Results prior to the magnetron failure were
discarded and a further 40 accuracy runs were flown. The results are
tabulated at Appendix I. However 12 of these runs vere suspect, yet it may
be seen from para. 6.3 that their inclusion does not significantly alter the
overall results. The final analysis is based on the 40 accuracy runs.

6.3 Basic Accuracy - Land

Along Track Across Track Radial
i Error % (O/U) Error 0 (A/A) Error

Mean of 40 runs 0 . T1 0.20OR 0.60%

S.D. of 40 runs ± i .30 ± 0.300 0 O40i

Vean of 28 runs O.C% O.20°R 0.50%

S.D. of 28 runs +0.2D/ + 0.20 0 + 0

(0: over-read R: Right)
(U: under-read L: Left)

6.4 Computer k.curaqcX. The results 3f the 40 accuracy runs flown With
Blue Jacket computer in the grid mode and "land/Sea" switch to "land"
are:-

Along Track Across Track Radial
Error (% O/U) Error ( PA,) Error.

0 Mean(0) 0.100 ) O50A

tS.D. 0.30Y ± 0.200 + .3

7. Conclusions

7.1 Acctura c. It is concluded that:-

(i) The embodiment of modification number 69"14 in this equipment
has overcome the drift error reported in AAER/ech/2iO/Nav.

(ii) The Mean Blue Jacket basic along track error overland was zero
(S.D. + 0.30A).

(iii) The Mean Blue Jacket basic across track error overland was
0.20R (S.D. ± 0.300).

(iv) The Mean Blue Jacket radial error was 0.60% (S.D. ± 0.40g)

(v) The computer errors were 0.40 (oger read) along t~ack in the
'land' mode (S.D. + 0.304); 0.10 (R) (S.D. + 0.20 ) across track
and a radial erroro-of 0.5% (S.D. + 0.30;). -

CONFIDNTIAL/7.2
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7.2 Reliability. In spite of the able technical backing provided by R.R.E.
during this trial, the units under test proved disappointingly unreliable during
flight trials.

8. Recommendations

It is recommended that modification number 6914 be incorporated in A.R.I.

5880. This modification is considered essential.
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